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PREFACE
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occupational survey data used, and to many people in the Computational Sciences
Division/ AFHRL—particularly Messrs. Charles A. Greenway and Charles R. Rogers and
members of their section—for long and conscientious efforts in producing the data
analysis. Special thanks to Ms. Jacobina Skinner for her efforts toward producing this
report and to Dr. William E. Alley for substantial contributions to the scheme for
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DIFFERENCES BETWEEN CROSSTRAINEES AND NON-CROSSTRAINEES
ON GRADE LEVEL, JOB SATISFACTION, AND ASSIGNMENT CHARACTERISTICS

1. INTRODUCTION

The policies and procedures for transfering enlisted personnel from one work specialty to
another are set forth in Air Force Regulation (AFR) 394. Such factors as advances in technology,
irregularities in attrition and enlistment rates, and changes in management philosophy on how best
to accomplish the Air Force mission operate separately and together to produce overages in some
specialties and shortages in others.

The proper use of the crosstraining system should alleviate the average and shortage
probleis. Also, the system should provide for more efficient utilization of airmen who were, or
have become, either overqualified or underqualified for their original specialty. This system might
also be used as a tool for increasing job satisfaction and career progress opportunities, thereby
enhancing reenlistment rates. Crosstraining could be used as a means of developing a reserve of
potentially critical skills or for enhancing the versatility and general capabilities of its airman
corps. On the other hand, there are potential costs associated with crosstraining which should be
recognized.

It is estimated that about 15,000 airmen crosstrain annually. Of 217,058 airmen who
responded to occupational surveys over a 10-year period, 17 percent indicated they had been
crosstrained. For each of these crosstraining actions, there were the obvious time and dollar costs
of on-the-job training and/or technical school for the crosstrainee. Less obvious costs of such
actions are possible detrimental effects on individuals who crosstrain, or even on personnel who do
not crosstrain. If the crosstraining system works to the disadvantage of personnel in either of
these categories, the results could be poor job attitudes, reduced reenlistment rates, and adverse
effects upon work efforts. These developments would be detrimental to the Air Force as well as
to the individuals involved. It is important therefore, considering the amount of crosstraining done
and the potential costs involved, that the crosstraining system function as fairly and as efficiently
as possible.

This research represents an initial effort to determine if an appreciable difference exists
between crosstrainees and non-<rosstrainees with regard to selected factors which could adversely
affect reenlistment rates or worker performance and, hence, force effectiveness. The goals are to
identify areas where efforts to improve the crosstraining system are appropriate and to indicate
directions for future research.

1Il. METHOD

The subjects of this study were Air Force enlisted personnel with at least 4 and at most 20
years of service who responded to occupational surveys conducted in their specialty according to
AFR 35-2. Personnel with less than 4 years of service were not included because of indications
that substantially different relationships between criteria selected for study and length of service
generally exist for that group (Gould, 1976) and because the number of crosstrainees in that
category might not have been large enough to provide a reliable picture of the relationship of
criterion to length of service. Airmen with more than 20 years of service were excluded in an
effort to make the analysis more sensitive to important differences. This effect was realized to the
extent that personnel with more than 20 years of service are homogeneous with regard to the
criteria.




Table 1 is a listing of the specialties involved in this study, along with the date of the
survey used for each, the number of useable responses to the survey, and the percentage of
respondents who indicated they had crosstrained into the specialty. The surveys selected were the
most recent available for the specialty and were the 35 with the largest number of useable
responses. A large number of responses was desired to maximize confidence in the stability of
obtained results. The number of specialties involved was as large as practical considerations would
allow.

The information reported by survey respondents included: (a) lengths of time in service and
in specialty, (b) enlisted grade, (c) number of direct subordinates to their position, (d) attitudes
on reenlistment intent, job interest and utilization of talents and training, (e¢) estimates of the
relative amount of time spent on each task performed in the specialty, and (f) an indication of
whtether or not they had crosstrained from another specialty. This information was quantified into
a‘iau‘inber of variables which were used in the multiple regression analyses.

Criteria

The first of the seven variables which were investigated for systematic differences between
crosstrainees and non-crosstrainees was grade level. It was set equal to integers 1 through 9
corresponding exactly to the enlisted grade of the respondent. (E-1 for Airman Basic through E-9
for Chief Master Sergeant.)

The reenlistment intent criterion was based on subjects response to a statement like “I plan
to. reenlist.” The possible responses were a definite “No,” “Probably no,” “Probably yes,” “Yes,”
and “I plan to retire.”

A relative 7-point scale was used for the job interest criterion with a 1 indicating “I find
my job extremely dull” and a 7 indicating “I find my job extremely interesting.”

The felt utilization criterion was based on responses to “My job utilizes my talents and
training.”” “Not at all” was coded 1 and “Perfectly” was coded 7. Values of 2 through 6 indicate
attitudes relative to these two extremes.

The number of tasks performed criterion was -based on the relative-time-spent rating given
each task in a specialty’s inventory. This value indicates the total number of tasks involved in the
respondent’s job (as indicated by a non-zero rating). The possible range of this variable is from 1
to some value less than 700 (depending on the number of tasks in the inventory for the
particular specialty).

As a measure of job difficulty, the ATDPUT (average task difficulty per unit time) variable
was computed (Mead & Christal, 1970). The ratio of the relative-time-spent rating given each task
to the total of such ratings given all tasks in the inventory was multiplied by the mean of
relative difficulty ratings given that task by supervisors from that specialty. The sum of these
products for all tasks performed is the ATDPUT value. It can be interpreted as the probable
relative difficulty rating of the task being performed at any particular time. The range of this
criterion is between O and 8 with higher values indicating greater difficulty. Since the task
difficulty ratings on which ATDPUT is based are relative only to other tasks in the same
specialty, cross-specialty comparisons of these values are not meaningful.

The final criterion is the number of subordinates. If respondents indicated they had 9 or
more personnel reporting directly to them for supervision, their value on this variable was set to
9. Otherwise the value assigned was from O to 8, corresponding exactly to the reported number
of subordinates.

Predictor Variables

The “X” or crosstrained group identifying variable was set equal to 1 if the subject checked
the block indicating he or she was assigned to the specialty by retraining from another specialty.
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Otherwise *“X” was set equal to zero. The counterpart of the “X' variable for identification of
the non-crosstrained group is “N.” It has a value of 1 if the subject did not indicate crosstraining
and a value of zero otherwise. “N” was computed by subtracting “X” from “U,” the vector
containing only unit values. “M” is the months of service variable. It took the value which the
subject reported to be his or her “total months active federal military service.”” Other variables
which were used as predictors in regression models are interactions or vector products of the “M”
and “X” or “N” variables. For instance the “XM” variable is equal to months in service if the
respondent crosstrained, or is equal to zero if the subject did not crosstrain. It was generated by
multiplying variable “X” by variable “M.” The variable “MM™ was generated by multiplying the
“M” variable by itself. It represents the square of the number of months the subject has spent in
the service. Inclusion of this squared variable, or its interaction with “X” or “N” in a regression
model provides for a curved regression line.

Multiple Regression Analyses

A total of 245 regression analyses, one for each of the seven criteria in each of the 35
specialties, were performed. These analyses were designed to detect differences between
crosstraining status (treatment) groups on the criterion measure while identifying and controlling
for any linear or curvilinear relationships between the criterion and the length-of-service
(concomitant) variable. This design is a generalization and embellishment of the analysis scheme
described in Section 5.2 of Bottenberg and Ward (1963). Essentially the technique is to calculate
the equation for the regression lines which best fit the data on the criterion to length-of-service
relationship for each crosstraining status group, to determine whether there is a significant
difference between these two lines and to find out if they are unsloped, sloped, or curved.

The first step in each analysis was to compute the 14 different regression models specified
in Table 2. An iterative technique was used to estimate the least-squares regression weights for

Table 2. Regression Models

Graphitc Repr =
Model Predictor Variables For For Relationship of Graphs
No. (Independent Set) Crosstrainees Non-Crosstrainees for Two Groups
1 X, XM, XMM, N, NM, NMM curve curve independent?
2 X, XM, XMM, N, NM curve sloped line independent?
3 X, XM, XMM, N curve unsloped line independent?
4 X, XM, N, NM, NMM sloped line curve independent?
5 X, N, NM, NMM unsloped line curve independent®
6 X, XM, N, NM sloped line doped line independent®
7 X, XM, N sloped line unsloped line independentb
8 X, N, NM unsioped line sloped line independent?
9 X, > M, MM curve curve parallel
10 X,N,M sloped line doped line parallel
11 X, N unsioped line unsloped line parallel
12 M, MM, U curve curve ocoinciding
13 M, U sloped line doped line coinciding
14€ U unsloped line unsloped line coinciding

:The regression curves (or the line and the curve) may intersect twice, once, or not at all in the range of interest.
The regression lines may intersect once or not at all in the 48—240 months-service range of interest.

“The least squares regression weight (and hence the expected criterion value) for the unit-vector model is the mean
of the criterion. Its predictive efficiency is assumed zero.
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each predictor variable in each model and to calculate the efficiency (squared multiple correlation
coefficient) with which the variables and weights can bte used to predict the involved criterion.
Each of these models makes different provisions for describing the interrelationships among the
criterion, crosstraining status, and length of service. For example, model 12 graphically describes
the relationship between the criterion and length of service for both crosstrainees and
non<rosstrainees in terms of a single regression curve. Model 2 on the other hand describes this
relationship in terms of a curve for crosstrainees and a straight, unsloped line for non-crosstrainees.
The provisions of model 10 are two parallel sloped lines, one for each crosstraining status group.

The next step in each analysis was to compute the 13 F-ratios specified in Table 3. This
table indicates the full and restricted models which were tested for significant difference in
predictive efficiency in each test, along with the degrees of freedom involved. Several of these
ratios and a significance level of .01 were used to determine which of the 14 models most
appropriately described the interrelationships of the variables. One part of the problem was to
determipe if the data on the relationship between the criterion and length of service for each
crosstraining status grove were fit signfiicantly better by a curved line than by a sloped line and,
if not, to find out if the data were fit significantly better by a sloped line than by an unsloped
line. If data on both crosstrained and non<rosstrained groups were appropriately fit by the same
type of regression line (either curved, sloped or unsloped), another part of the problem was to
determine whether independent lines fit significantly better than parallel lines and, if not, whether
parallel lines fit significantly better than a single line. The exact conditions used to determine the
appropriate model are indicated in Table 4. Appendix A is a detailed discussion of the logic,
sequence, and underlying hypotheses of this analysis scheme.

After the appropriate model was determined, the regression weights for that model were
analyzed to obtain a more precise picture of the important interrelationships. For each sloped line
in the model the sign of the slope was noted. A positive slope indicates that expected criterion
values increase as the length of service increases. Conversely, a negative slope means expected
values will decrease with length of service.

Table 3. F-Tests

Designation Fuli Model Restricted Model (an, (an,
A 1 6 2 n-6
B 6 10 | n4
C 10 13 1 n-3
D 13 14 1 n-2
El 6 7 1 n4
E2 6 8 1 n4
F 10 11 1 n-3
G 1 9 2 n-6
H 9 12 1 n4
I 1 2 1 n6
12 1 4 1 n-6
n 2 3 1 n-S
12 4 5 1 n-$
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Table 4. Conditions Determining Appropriate Model

F-Tosts Significant (1) or Non-Significant (N)

Modet Relative Predictive Etticlency of
No. A 8 C ©O ® ®2 F G M i1 12 J1 J2  Models2snd 4 or Models 7 and &'
1 S S ) RSQ2>RSQ4
1 S S S RSQ2<RSQ4
2 S S N S RSQ2>RSQ4
3 S S N N RSQ2>RSQ4
4 S S N S RSQ2<RSQ4
5 8§ S N N RSQ2<RSQ4
6 N S S RSQ7>RSQ8
6 N S S RSQ7<RSQ8
7 N S N RSQ7>RSQ8
8 N S N RSQ7<RSQ8
9 S N 8§
10 N N S§ S
1 N N § N
12 S N N
13 N N N N
14 N N N N

ASince models 2 and 4 are of the same complexity (have the same number of independent predictors) the one with
the lower predictive efficiency and its restriction (¢ither model 3 or model 5) were automatically eliminated from the process
of determining the appropriate model. Likewise with regard to models 7 and 8.

For each curved regression line intrinsic to the model, the sign of the slope on each side of
the point-of-inflection and the relationship of the point-of-inflection to the range-of-interest bounds
were determined. This information was used to indicate whether expected criterion values increased
and/or decreased and whether the mte of change was increasing or decreasing with length of
service.

In situations where separate .curves or lines were appropriate for crosstrainees and
non<rosstrainees, the group having the superior curve (and thus the higher expected criterion
values) was identified. If the identity of the group with the superior curve changed (i.e., the
curves intersected) inside the range of interest, the point or points of change were calculated, and
the proportions of the total range of interest for which each group had the higher expected values
were calculated. Also, the largest difference between expected criterion values for the two
groups—and its point(s) of occurrence—were determined. Because the number of cases involved in
these regressior. analyses was often relatively large, this information was needed to ascertain
whether any significant differences found between crosstrainees and non-crosstrainees were ulso
large enough (in terms of the scale of the criterion) to be of practical importance.

In addition to the seven regression analyses, the means and standard deviations of all
regression analysis variables were computed for each specialty. This information is useful in
interpreting the regression analyses results.

J. RESULTS AND DISCUSSION

Table 5 is a summary of the results of the 245 regression analyses performed. Each
regression analysis summary code in this table indicates the interrelationships among ()
crosstraining status, (b) a particular criterion, and (c) length of service in a particular specialty.

The line or lines in these codes are graphic descriptions of the general relationship between
the criterion -and length of service. An unsloped line (—) indicates no significant relationship, while
a positively sloped line or curve (/, ~~ or_~) indicates a positive relationship, and a negatively

10
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Table 5. Summary of Regression Analyses Results
for 7 Criteria in 35 Air Force Specialties
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sloped line or curve (\, \_ or™\) means the relationship is negative. If this relationship changes
from positive to negative, or from negative to positive within the range of interest, those
: occurrences are indicated by “bottom-open™ curvés (n, A or~) or “top-open” curves (y, \Jorv)
respectively.

If the code for an analysis consists of two lines, a significant difference exists between
crosstrainees and non-crosstrainees. The letter preceding the two lines identifies the initially
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superior line or curve as being for crosstrainees (C) or for non-crosstrainces (N). The indicated
group, identified by (C) or (N) on the superior curve, has the higher expected criterion values at
the 48-months service point. The number of times the identity of the group with the higher
expected value changes between the 48-month and 240-month points-of-service is indicated by the
number of times the two lines in the code cross.

Tables 6 and 7 oontain the means and standard deviations of the criteria and of the
length-of-service variable for ocach specialty. This information is presented to aid in the
interpretation of regression analysis results and in the formation of hypotheses suitable for further
research. Some of the information presented earlier in Table 1 might also be of value in these
efforts.

Grade Level

Review of the summary codes in Table S for this criterion reveals a consistent positive
relationship with length of service. In each of the 35 specialties, this relationship is significant, and
..only in the first parts of the range of interest in three specialties (14% for 303X3, 15% for
324X0. and 19% for 464X0) is it indicated negative. A possible explanation for these negative
relationships is that a number of airmen with higher grades crosstrained out of these specialties
during their second term of enlistment. An influx to these specialties of lower grade crosstrainees
during their second enlistment might also have produced this effect. The influx possibility is not
inconsistent with the mean of months-not-inspecialty (from Table 7) or the percent crosstrained
values (from Table 1) for the involved specialties. However, such an influx would also probably
have caused the grade differences between crosstrainees and non-crosstrainees to become significant.

Significant grade difference between the crosstraining status groups was indicated in 12 of
the 35 specialties. Differences of as much as one-half grade level in favor of non-<crosstrainces were
indicated at the 240-month service points of the 328X0, 328X3, and 431X0 specialties. The only
observed situations where crosstrainees had higher expected grades than non-crosstrainees were in
the 322X1 specialty and in the first one-third of the ranges of interest for the 328X0, 328X3,
431X0 and 605X0 specialtics. In none of these situations were crosstrainees expected to have as
much as one-fifth grade unit advantage over their counterparts.

In 11 of the 12 specialties having significant group differences, non-crosstrainees had the
higher expected grades at the far extreme (the 240-month point) of the length-of-service variable. This
suggests that for these specialties the amount of experience in specialty 8 a more important
consideration in higher level promotion decisions.

’

Reenlistment Intent

A positive relationship with length of service is just as consistently indicated for this
criterion as it is for grade level. in 99.5 percent of the ranges of interest for all 35 specialties the
slope of the appropriate regression line or curve was significant and positive. Only in the last 10
percent of the ranges of interest for specialties 325X0, 342X0, 732X0, and 732X1 was a negative
relationship indicated. Considerations which might help explain this preponderance are (a) subjects
of this study have probably already reenlisted once, and (b) as length of service increases, the
retirement benefits incentive for reenlistment becomes stronger.

Unlike the grade criterion, there was almost no indication of differences between groups.
Crosstrainees in the 391X0 specialty were indicated to have a reenlistment intent value .52 scale
unit (one-half standard deviation for the whole variable) higher than non<rosstrainees at the
48-month service point, and .31 scale unit lower than their counterparts at the 240-month service
point. The point of service at which the expectation of higher values stops for crosstrainees and
non<rosstrainees is 169 months or 63 percent through the range of interest.

12
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Job Interest

On the job interest criterion, there is a slight indication that group differences exist with
regard to the type of relationship with length of service. For crosstrainees the relationship between
job interest and length of service was nonsignificant 57 percent of the time, positive 34 percent,
and negative 9 percent. For non<rosstrainees these percentages are 49, 43, and B, respectively.
Non<rosstrainees appear to be more likely to have job interest increase with length of service. On
the other hand, there is little direct evidence that the two groups differ consistently on this
criterion.

Significant differences between groups were found in only eight specialties. In the overall
ranges of interest for these eight specialtics, one group had the higher expected values about as
often as the other (5SS percent for crosstrainees, 45 percent for non<rosstrainees). The largest
differences between expected job interest values were about one scale unit or about two-thirds
standard deviation of the whole criterion variable for the specialty.

Felt Utilization of Talents and Training

As with job interest, the type of relationship of felt utilization of talents and training with
length of service may be related to crosstraining status. Overall, these relationships for crosstrainees
are 40 percent non-significant, 57 percent positive, and 3 percent negative. For non-crosstrainees,
these relationships are non-significant in 34 percent of the situations, positive in 63 percent, and
negative in the remaining 3 percent. Again the indication is that a positive relationship is more
likely for non-crosstrainees. One difference between this criterion and job interest is that the
length of service relationship is negative less often for felt utilization. Also, for job interest, this
relationship is nonsignificant more than half the time. For felt utilization, this proportion is
somewhat less than half.

With regard to differences between groups, the findings for this criterion are very much like
those for job interest. Significant differences were indicated in seven of the specialties (compared
to eight for job interest), and in these situations, crosstrainees and non-crosstrainees had the higher
expected values equally as often. The largest of these differences was 1.25 scale units in favor of
crosstrainees at 48 months of service in the 371XO0 specialty.

Number of Tasks Performed

For the number-of-tasks-performed criterion the relationship with length of service was
nonsignificant 34 percent of the time, positive 5S4 percent, and negative 12 percent. These
percentages were the same for both crosstrainee and non<rosstrainee groups. A negative criterion
to length-ofservice relationship might suggest that the ratio of the number of supervisory tasks to
the number of technical tasks in the inventory for a particular specialty is relatively low.

Significant differences on expected criterion values for crosstrainces and non<rosstrainces were
indicated in only five of the 35 specialties. The largest of these differences was 25 tasks or about
4 of the criterion’s standard deviation for that specialty (342X0). The most notable finding for
these five differences is that non-<crosstrainees are always indicated to perform more tasks.

Job Difficulty

The relationship between job difficulty and length of service is predominately positive (63%
for both crosstrainces and non-crosstrainees). However, the incidence of negative relationships is
higher than for the other criteria (14% for crosstrainees and 17% for non-crosstrainees). A possible
explanation for a negative relationship here is that the specialty is highly technical, and the
joumeyman level tasks are considered more difficult than those which must be done by
supervisors.




Significant differences between crosstrainces and non-crosstrainees were found in 10 of the 35
specialties. The largest difference was 44 ATDPUT scale-point units (1-1/3 standard deviation
units) at the 48 months service point in the 324X0 specialty. Of all the situations where group
differences on job difficulty were indicated, the non-<crosstrainees group had the higher expected
value 90 percent of the time.

Number of Subordinates

Findings on the relationship of this criterion to length of service are very similar to those
for grade and reenlistment intent. In none of the specialties is a nonsignificant relationship
indicated, and only in 3 percent of the total ranges of interest (for both crosstrainees and
non-crosstrainees) are the relationships negative. Thus, the number of subordinates is expected to
increase with length of service 97 percent of the time.

Group differences were indicated significant in only four specialties. The largest such
difference was indicated for the 240 monthsservice point in the 903XO0 specialty. Crosstrainees in
this category are expected to have an average of 1.43 more subordinates than their counterparts.
This is something of an exception to a rule in that crosstrainees were indicated to have higher
expected values than non-crosstrainees in only S percent of the possible point-of-service/specialty
situations.

Summary

The major finding with regard to the relationships between length of service and the criteria
is that these relationships are consistently significant, and when they are significant, they are
predominately positive. For three criteria (grade, reenlistment intent, and number of subordinates),
the relationships were significant in all specialties. Only for the job interest criterion were more
than half of the relationships (53%) nonsignificant. Of the sgnificant relationships for each
criterion, at least 80 percent were positive. For the grade level, reenlistment intent, felt utilization
of talents and training, and number of subordinates criteria, this percentage is 95 or higher. One
overall indication of these findings is that the standings of Air Force enlisted personnel on the
criteria of this study — except for job interest — can generally be expected to increase with time
in service.

With regard to relationships with crosstraining status, the criteria fall into two convenient
categories. One category consists of the three attitude variables (reenlistment intent, job interest,
and felt utilization of talents and training). For these variables, the differences between
crosstrained and non-crosstrained groups were significant only 15 percent of the time. In situations
where these differences occurred, one group had the higher expected criterion values about as
often as the other (crosstrainees were higher 53% of the time vs. 47% for non<rosstrainees). For
this category of criteria then, there is no clearcut implication with regard to crosstraining status.

The other category of criteria includes grade level and the job characteristic variables, number
of tasks performed, job difficulty, and number of subordinates. Significant differences were found
between crosstrained and non-<crosstrained groups in this category 22 percent of the time. In these
instances, non<rosstrainces had the higher expected criterion value 90 percent of the time. The
implication here is that, in a number of Air Force specialties, crosstrainees are at a slight
disadvantage with regard to promotions, and their jobs are somewhat less complex, difficult, and
demanding than those of their counterparts.

Conclusions

When interpreting these results, it is important to keep in mind that the purpose of this
study was simply to detect gross differences between crosstrainees and non-crosstrainees in certain
specialties with regard to specific criteria. The question addressed was whether the asvailable
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occupational data indicated that an in-depth study of crosstraining system operations might be
appropriate. Questions as to whether any detected differences warrant corrective action and what
corrective action would be most effective were beyond the scope of the study. Other questions
which remain unanswered include whether other specialties also have important crosstraining status
differences on these criteria and whether differences exist with regard to other measures of
efficiency, productivity, job attitudes, job characteristics, etc.

Another important consideration when interpreting these results is that the study was
designed to detect only gross differences. The relatively large sample sizes and the exclusion of
subjects with more than 20 years of service had the effect of making the tests more sensitive to
differences. However, those effects were more than negated by (a) the use of the .01 significance
level, (b) the elimination of personnel with less than 4 years of service from the samples, and (c)
the self-elimination from the samples by crosstrainees and non-crosstrainees who had chosen not to
reenlist. Another factor which contributed to the insensitivity of the tests was the
non-differentiation of the crosstrainee samples. More differences would probably have been detected
if considerations had been given to such things as the type of specialty crosstrained from, time
since crosstraining, and the extent the crosstraining action was resented or desired by the
crosstrainee.

Despite the conservative nature of these analyses, significant and appreciable differences were
found in several speicalties with regard to the grade level and assignment characteristic criteria.
Considered along with the potential costs of these differences to the Air Force and its individual
members (see Introduction section), these findings do indeed indicate that a thorough investigation
of the operations and effects of the crosstraining system are appropriate. The Air Force Human
Resources Laboratory has already initiated several research efforts to answer some of the questions
raised by these findings.
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APPENDIX A: SCHEME FOR DETERMINING APPROPRIATE MODEL

Figure Al is a representation of the scheme used for determining which of the 14 models
considered is the most appropriate for describing the interrelationships of the criterion,
crosstraining status, and length of service variables. Essentially the scheme is designed to find the
simplest model with the highest predictive efficiency. In this figure, triangles enclose F-test
designations and values in squares designate regression models. If an F-test is significant, the block
below and to the right of it indicates the appropriate model or the next F-test in sequence.
Otherwise the block below and to the left is the indicator. Table Al contains statements of the
hypotheses tested with the associated F-ratios and regression models.

HYPOTHESIS ACCEPTED
IF F-TEST SIGNIFICANT

I A
N.S. Sig.
BN - G
I B i NS, Sig.
I s WA
N.S. )
Sie. 12 9 :
NS §
jus sig. Sig.
F NS/ E ; )

E‘Es = Sig. NS, y Sie. s Sig.

4 13 wil | 7ov° é 3°f5 20 . i

Figure Al. F-test contingency table,

F-Test A (for RSQ1-RSQ6) of Hypothesis 1

The first F-test compares the predictive efficiency of model 1 (RSQ1) with that of model 6
(RSQ6). The hypothesis here is that, for at least one of the crosstraining status groups,
non-constant changes occur in expected criterion values with increasing length of service (i.e., that
a curvilinear relationship exists between the criterion and length of service for either crosstrainees
or non-crosstrainees or both). The null hypothesis is that the data describing the relationship of
these variables — for both crosstrainees and non-crosstrainees — are described as accurately by a
straight regression line as by a curved regression line.

If this test is significant (the difference between RSQ6 and RSQI is greater than would be
expected by’ chance), then model 6 can be eliminated from further consideration in the search for
the appropriate model. Also, any models which are restrictions of model 6 (7, 8, 10, 11, 13, and
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14) can be eliminated. Since RSQ values for these models could not be larger than RSQ6, the
difference between any of these and RSQl would have to be larger than a difference already
established as significant. In this situation, the hypothesis is accepted, and the procedure continues
with F-est G.

If Ftest A is not significant, then neither RSQl nor any of the RSQ values for the models
which are restrictions of model 1 (2, 3, 4, 5, 9, and 12) are significantly greater than RSQ6. The
appropriate actions in this case are (a) to accept the null hypothesis (that any change in expected
criterion values with increasing length of service occurs at a constant rate, or that no curvilinear
relationship exists between these variables for either crosstraining status group) and (b) to proceed
with Fitest B and subsequent test(s) to ascertain that a restriction of model 6 does not describe
the relationship of variables as accurately as that full model.

F-Test B (for RSQ6-RSQ10) of Hypothesis 11
for Models with Straight Lines

The formal hypothesis being tested here is that a difference exists between the expected
criterion values of crosstrainees and non-crosstrainees and this difference changes with length of
service. Another way of stating this hypothesis is that the slopes of the regression lines
appropriate for describing the relationships between the criterion and length of service for each
crosstraining status group are different. In other words these regression lines are independent or
free to converge, diverge, or both (if they intersect within the range of interest).

If this test is significant, the hypothesis is accepted, model 10 and its restrictions are
eliminated and the procedure continues with F-test E. Otherwise the null hypothesis (that the
difference between the groups is a constant and possibly zero value, or that the regression lines
for the groups have a common slope and thus are either parallel or coinciding), is accepted and
F-test C is considered.

F-Test C (for RSQ10-RSQ13) of Hypothesis IIl
for Models with Straight Lines

After it has been established that the difference between the regression lines at any point of
service is a constant or zero value, it remains to be determined whether or not that difference is
zero. The hypothesis tested with F-test C is that this value is not zero or that the regression lines
are parallel and not colinear. If this test is significant, the hypothesis is accepted, models 13 and
14 are eliminated, and the procedure continues with F-test F. If it is not significant, the null
hypothesis — that no difference exists between crosstraining status groups — is accepted and models
10 and 11 are eliminated. In this case, the result of F-test D is used to determine the appropriate
model.

F-Test D (for RSQ13-Zero) of Hypothesis V
for Models with One Line

After rejecting the hypotheses for F-tests A, B, and C, the remaining hypothesis is that the
criterion is linearly related to length of service, or with increasing length of service the expected
criterion scores change at a constant, non-zero rate, or the regression line best fitting the data on
the criterion to length-of-service relationship is sloped. If the test is significant, the hypothesis is
accepted, and model 13 is accepted as the appropriate model. If not, the null hypotheses of no
constant rate of change in expected criterion values is accepted. Since the hypothesis of any
non<onstant rate of change has also been rejected (in F-test A), it can be inferred that there are
mo differences in the mate of change in expected criterion values and thus that there is no
relationship (either linear or curvilinear) between length of service and the criterion for either
crosstraining status group. In this case model 14 (represented graphically as an unsloped line) is
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accepted as appropriate because it is the only model among the 14 considered which has
properties in accord with the null hypotheses accepted with F-tests A, B, C and D.

F-Test E (for RSQ6-RSQ7 or RSQ6-RSQ8) of Hypothesis V
for Models with Independent Lines

The only models which have properties in accord with the null hypothesis accepted in F-test
A and the hypothesis accepted in F-test B are 6, 7, and 8. One of these models, either 7 or 8,
can be eliminated from consideration as being the appropriate model on the basis of a direct
comparison of RSQ values. It is inconceivable that the model with the lower RSQ value could be
the appropriate model because accepting it would mean rejecting another which is just as
parsimonious and has a higher predictive efficiency. Thus, the restricted model for this test is 7 if
RSQ7 is greater than RSQ8, or 8 if RSQ8 is greater than RSQ7. It is possible that RSQ7 could
be exactly equal to RSQ8. In this case the common difference between the potential restricted
models and the full model would logically be significant, and model 6 would be indicated
appropriate. Otherwise, the indication is that each of the two groups requires sloped regression
lines. This is also an indication that model 6 is appropriate.

After accepting the hypothesis of non-constant differences (in F-test B), it can be inferred
that separate regression lines with different slopes are appropriate for the two crosstraining status
groups. A further inference is that since the slopes of these lines are different, only one could
possibly have a zero slope. In other words, for only one of the groups might there not be a
linear relationship between the criterion and length of service. The hypothesis for this F-test is the
same as that of F-test D except that it applies to the criterion to length-of-service relationship for
only one of the groups, either crosstrainees (if model 8 is the restricted model) or
non-crosstrainees (if model 7 is involved). If this test is significant, then the hypothesis is
accepted, a linear relationship between criterion and length of service can be inferred for both
crosstraining status groups, and model 6 is accepted as appropriate. If the test is not significant,
the inference is that there is no criterion to lengthof-service relationship for one of the
crosstraining status groups and that the restricted model of the test (either 7 or 8) is most
appropriate.

F-Test F (for RSQ10-RSQ11) of Hypothesis V
for Models with Parallel Lines

After accepting the hypothesis of F-test C, the testing sequence picks up here. The
hypothesis tested at this point is the same as for F-test D. The only difference in the situation is
that models with separate regression lines for cach crosstraining status group are involved. If the
test is significant, then the common doped regression lines of model 10 most appropriately
describe the criterion to length-ofservice data, and both a linear relationship and crosstraining
status group differences in expected values are indicated. If F-test F is not significant, model 11 is
most appropriate, indicating a constant difference between expected criterion values for
crosstrainees and non-crosstrainees but no relationship between the criterion and length of service,
or no change in expected criterion values with increasing length of service.

F-Test G (for RSQ1-RSQ9) of Hypothesis Il
for Curvilinear Models

After accepting the hypothesis that at least one regression curve is appropriate for describing
the data (from Ftest A), the remaining task i to identify which crosstraining status group
requires the curve and determine whether the other group requires the same curve, a parallel
curve, a different curve, a sloped line or an unsloped line. This identification process begins with
Fiest G. The hypothesis here is the same as for F-test B, that the difference between the
expected criterion values for crosstrainees and non<rosstrainees is a non-<constant value which varies




with length of service. In this situation, however, the difference involved is between curves rather
than straight lines. If the test is significant, the hypothesis is accepted, models 9 and 12 are
eliminated from consideration and the procedure continues with F-test 1. If the test is not
significant, the null hypothesis (that the difference in expected criterion values is the same
regardless of length of service) is accepted and F-test H is considered to determine whether or not
this constant difference is zero.

F-Test H (for RSQ9-RSQ12) of Hypothesis Il
for Curvilinear Models

This test is analogous to F-test C. Again, the only difference is that regression curves rather
than regression lines are being tested for differences. If the test is significant, the hypothesis of
crosstraining status group differences in expected criterion values is accepted and model 9 (which
provides separate but parallel regression curves to describe the criterion to length-of-service
relationship for the two groups) is accepted as most appropriate.

If F-test H is not significant, then the null hypothesis (that there is no difference between
the regression curves for each crosstraining status group) is accepted, and model 12 is accepted as
appropriate. Notice that subsequent tests for a constant rate of change in expected criterion values
(analogous to F-tests D and F subsequent to C) are not required because the existence of a
non-constant rate of change has already been established (in F-test A).

F-Test 1 (for RSQ1-RSQ2 or RSQ1-RSQ4) of Hypothesis IV

If the hypotheses in F-tests A and G are accepted, this F-test is next. Either model 2 or
model 4 is eliminated from the model-seeking procedure by a direct comparison of their RSQ
values. If model 2 has the higher predictive efficiency, it is the appropriate restricted model for
this test. If RSQ4 is greater than RSQ2, then model 4 is the restricted model. The rationale for
this elimination is the same as involved in the elimination of model 7 or 8 (see discussion of
F-test E).

The hypothesis that a non-constant rate of change in expected criterion values occurs with
increasing length of service for one of the crosstraining status groups was accepted in F-test A.
The hypothesis here is that the same condition exists for the other group. If the test is
significant, the hypothesis is accepted and the inference made that the model providing
independent curved regression lines for both crosstraining status groups (model 1) is appropriate. If
the test is nonsignificant, then the null hypothesis (that the rate of change is expected criterion
values with increasing length of service for the one group is a constant value) is accepted. It then
remains to be determined (with F-test J) whether or not this constant difference is zero.

F-Test J (for RSQ2-RSQ3 or RSQ4-RSQS5) of Hypothesis V
for Curvilinear Models

The full model for this test is the same one used as the restricted model of F-test I. The
hypothesis tested here is the same as for F-tests D, E, and F. It is: expected criterion values (for
one crosstraining status group in this case) change at a constant rate with increasing length of
service, or that a linear relationship exists between the criterion and length of service. If the test
is significant, the hypothesis is accepted and the full model (either 2 or 4) is accepted as being
appropriate. Otherwise the null hypothesis is accepted and the restricted model (either 3 or 5)
which provides for no relationship (neither linear not curvilinear) between criterion and length of
service for one group, and for a curvilinear relationship for the other group is accepted as
appropriate.
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